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"S?^ 8 ^ USING DENDRITIC 
-CELLS TO BPTTViTff T ?mr 

S 1. JNTROn mTfr 

This invention relates to methods of 
xsolating and using huaan dendritic ZnTl l 
antigens for the induction of .^T PMmt 
mediated i^e re^T r Mti9W ^ cL ^ » cell- 

indix^ , unprxmed or weakly priaed 

■>«»b«s o» «*< « tiv «ion and expansion of ^ 
TT* ° f "tisen-speolfic T cells t« us. i„ 

diseases and eaneer. us. of «~ ■ utf«*ious 
««s as vaccina"; 1"*^ 




^ • wiimhiiii i ■ i m i ■ rii? mTTm <•*»._., J^Q^J 



^ fiBWERflTTQW OF im tinm*. mr 
The introduction of » 

— - by two", 

Population, of l wh ocvt.s known as T LdT^n 
respectively. A subset of T e«n 
35 simulation by product™ , ! ^""^ t0 anti * m 

'-lopino tnto . ntlgen . sp . ctflo 
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HI 1 '' ' ble to Wll antigen-p,,^^ 

taroet cell.. On th. other hurt, th. B cu 

antigens* 

Helpw T cell. (Th) oan b. dUtingulrtwi 
from el««ie«l cytotoxic T lymphocytes (CTL) and B 
cells by their cell surface expression of . 
10 glycoprotein marker termed CD4. Although the 

-echanls. by which CD4* * function has not been fully 
elucidated, the existence of functionally distinct 

"Ported (Hosmum and Coffman, 1989, tan. r. v 

" LTTL 7 ,' 145 " 1 "'- In * • type 1 helper T 
«U. (Tei) produce int^leuwn-j (il- 2) , m * 

interferon (r-IB.) upon ««iv.ti. n , ^ ^ 2 

£ip« T =eu. (nB) produe. Iw and IL _ 5 . ™ 

the profile of lysine production, thi appeal 

" 71Z r T^' °" Nation'** P ~ ti r„ 
°l!^ r ' CeU "*«*» i-^in, CTL, Whereas 
epeoifxc.il, relate B cell proliferation and 
differentiation, antibody synthesis, and antibody 
=l.ss switchina. Some CD4- T cell., like aJZ. 

« appear to be capable of cytotoxic effector function 
A second T cell subpopulation is the 
Clascal CTL which expre„ th. CM sur„c. marker. 
^ ik. mos t th. these celi. display cytolytic activity 

ZITT C °" taet ^ " r9,t than 
30 through th. production of lymphokines. m vivo CTL 

particalarly J ~ rt " t - 1 » 

an antxbody response alone is inadequate. There i. a 
Preponderance of experimental evidence that CTL rather 
than B cells and their antibody products play a 

A salient feature of both T and B cell 
responses is their exquisite specificity for the 
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l^nUin, antigen; however, th. =ec hanim3 £or 
, a " tiS *" reco ^ i "°" *i"«r between th«e t-o «u 

T =e L t M "' eni ° *~ »" * Pre. JeTt 
T cell. i„ .Moeittta, wlU) Mrtoeo^.tlbttity 

Z ™ *° • Clost « <* ««- ttat encode 

" Ln " itb diV,r *« ^logical t unotionT\, 

•» tound on ,u ,oM tlc „ lls aai ^ 
originally diacovered a. taroef of Mj . r 
indentation rejection re.pons... cla „ „ oeM 

^.topoi^c I1MgB , „ d w are lnvo , lv v : d ri 1 o : a oeii , 
,r t t r- r ™ c ;:rr proteins — «• 

receptors for processed antigenic 
»«7, Nature 329! 50S-512). 

l * v * 1 of °-»»«itir i» 

is that it occur, o» ly it tt . ^ ^ lnvoi ^ t 

zT r m ** * and ** "ending T cell, 
a -H-r word.. . x cell specific for a partidr" 
» x,«io .pitope .„, res8C3 . receptQr h lZTlll 

5 the T cell in^ T """^ b * 0,8 «**■»•. «n gag e 
5 ™« T <*» i" a .tronger interaction le^„, to 

t tntl? T Ml1 ietiva " on - ~ «-'~ of 

«U reacting with a proceed antigen only when 
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PMMnted "Pressing a .atchin, «,c is fa,™, 

as Hue-restriction. taoTO 

The specificity of T cell ianune responses 

• XPr ' S '^ b " «"-• The , eel! r «. ptor P (TCR) 

is structurally hcolooous to an antibody, it i. . 
KeterodiMr connoted of disulf ide-lin)ced 
glycoproteins. Four TCR polypeptide chains known as 

' have be " n "•»«fi« a , . lthoogh ^ vaat 

■ajority o, runctional T cell. express the ™* 

into recipient calls „s shown to be both necessary 
«* sufficient to confar antigen specificity J^c 

" <DMblC " ,1 - »"< -tur. Jo: ,„? 

238). Thus, the aB Tcr * nn o... . 
r( .^ A<w . . ' ap ™* »PP««" to be responsible for 

The Wrent basis of MHC restriction is 
. £t CD4* T cans express a „ ^ whlch 

»tio»ic fronts physically associate with rac 

^rclaLT 481 " 8 ; *"* theKROn "»* ^ .recognize 
«HC class I-associated fragments. Thus, CD4* , cell. 

■ class if, wh^ CD8- ctl can intact with 

virtually any wtig.n-po.itiv. cell., sine, all call. 
«pr.s. cl ass I aolacmes. CD4* CTL hav. b«„ 

i™T» I ™ BHC oU » 11 ""riot*,. .»d 

class II deter.in.nts associated with spreific 

•" t f i r" 1 ' t : a,MntS - **» c °< «* C08 *,lecule. also 
contrxbut. to this infection by binding to .onotypic 
deteminants on the MKc class n and I .olecules 
respectively. 

* second type of TCS composed of yt 
heterodiner. is expressed by a small percent.,, of T 
CXI., but th. involvement of yS T cells in antigen- 
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wrAr^rr- - ------- 

5 specific antiaenin #1 eXP " S8 <*« 

r - 1 ^ 



2.2. 




to as .nti,.^!!'* ° eU Nations ref. rr ^ 
"arrow d.riv. d a«^iti c „Us (D T IpT 

HHC-encoaed class t ,»a U ss ^ ^ 

can present . glycoproteins, they 

a y t t „ n :°^r„:: :r ne responM - 

antigens to T c. Us with " Pr " < '" t 

*t «„ ptovi<i . antl »«»-«Pacific r.«ptors, 

* " ll """Is nacssary for T e.U 
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activation, such signals are inccpietely defined, 
but probably involve a variety of cell surface 
molecules as well as cytokines or growth factors. 
5 Further, the factors necessary for the activation of 
naive or unpriced T cells may be different from those 
required for the re-activation of previously primed 
aemory T cells. The ability of APC to both present 
antigens and deliver signals for T cell activation is 

" r ! refGrred t0 " an ory cell function. 

Although monocytes and B cells have been shown to be 
competent APC, their antigen presenting capacities in 
3*32 appear to be limited to the re-activation of 
previously sensitized T cells. Hence, they are not 

15 capable of directly activating functionally naive or 
unprimed t cell populations. 

that APC Alth ° Ugh At had taown for a long time 
that APC process and present antigens to T cells, it 

was not shown until relatively recently that small 
20 antigenic peptides could directly bind to MHC-encoded 
molecules (Babbit et al., 1985, Nature 317: 359; 
Townsend et al., 1986, Cell 44: 959). However, it is 
believed that normally, complex antigens are 
proteolytically processed into fragments inside the 
25 APC, and become physically associated with the MHC- 
encoded Proteins intracellular^ prior to trafficking 
to the cell surface as complexes. Two distinct 
pathways for antigen presentation have been proposed 
(Braciale et al., i 98 7, Immunol. Rev. 98: 95-114) it 
30 was thought that exogenous antigens were taken up'by 
APC, processed and presented by the exogenous pathway 
to class II restricted CD4* T cells, while the 
endogenous pathway processed intracellular^ 
synthesized proteins, such as products of viral genes 
35 in virally-infected cells, for association with L 
class i proteins and presentation to cos* ctl 
However, although the two pathways in antigen* 
processing and presentation may still be correct in 
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some respects, the distinction is blurred in light of 
recent finding that exogenously added antigens may 

^! re8ented t0 CU8S ^^cted CTL (Moore et 
5 1988, Cell 54: 777.) 

The tern -dendritic cells- refers to a 
diverse population o£ morphologically similar cell 
types found in a variety of lymphoid and non-lymphoid 
issues (steinman, 1991, Ann. Rev Immunol. 9:271- 
0 296). These cells include lymphoid DC of the spleen 
Langerhans cells of the epidermis, and veiled cells In 
the blood circulation. Although they are collectively 
classified as a group based on their morphology, high 
levels of surface MHC-class II expression, and absence 

5 b' T ^ SUrfaCe eXp ™*** on T cells, 

B cells, monocytes, and natural killer cells, it is 

presently not known whether they derive from a common 
precursor or can all function as APC in the same 
manner. Further, since the vast majority of published 
20 reports have utilized. DC isolated from the mouse 

spleen, results from these studies may not necessarily 
correlate with the function of DC obtained from other 
tissue types, (inaba et al., i 987 , J. Exp. „ ed . 
166:182-194; Hengel et al., 198 7 J. Immunol., 
25 139:4196-4202; Kast et al., 1988, j. Immunol., 
140:3186-3193; Romani et al., „89, J. Exp. Med. 
169:1169-1178; Macatonia et al., 1989, J. Exp. Med 
169:1255-1264; inaba et al., 1990, J. Exp.^d 
172:631-6640). For example, despite high levels of 
30 MHC-class 11 expression, mouse epidermal Langerhans 
cells, unlike splenic DC, are not active APC in mixed 
leucocyte reaction (MLR), unless cultured with 
granulocyte-macrophage colony stimulating factor (GM- 
CSF, (Witmer-Pock et al., 1937, ^ Med. 
35 1498; Heufler et al., 1988, J. Exp. Med. 167:700-705). 
Most human Langerhans cells express the CDl and CD4 
markers, while blood DC do not. Additionally, it has 
not been established the extent to which the 
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IZullT ehmot ~ i «*» obse ™« 1 "if -us. DC are 

f»» non-s Pl enic tissue.; in part, ou . t0 lnnerent 
5 difference, bttwwn the human and Burin. imun . 
systems. 

Recently, , few studies have described the 
isolation of huM» K freB ^ blood 
Oroun, and st.in.an, 1990 , j. ^ ^ 17111J1S _ UM . 

67.285-2S9,- te^, „„„ ED , 1<M)U)/ J> ^ 

invest. 8 S: 9S S- 94 i,. Howler, all lsoUtlon 
Procedure, inv.ri.blv involve the use .f . haap rs(i " 
15 blood c.11. aM/or f.t.1 calf serus, which J 

Potentially i^unoaenio foreign tntlgms that c«, be 
presented by DC to I cell. »■«.<. 

Kith th. - J. ' ,0 * " ouM i"t«f«. 

«^the wtiw-sp^f ie responses desired. Host 
»P«t«ntly, it ha, Mt ^ ^ternine* ^ 

" ~" tS ' lnVentl °" Wh<!ther DC can, in fact, 

hu»n DC have only been test*, a, sttaulator. for T 
cell activity in MLR. HolKm Dc which are active in 
MLR have not be„ shown to be capable of present!™ 



3 * SUMMARY n f the TlTOf^^ ff 

30 The present invention relates to the 

ZTll 0 ' hUnan DC £r ° a ^ 

use as antxgen presenting cells for the activation of 
T cell responses, and an in_yi£ro method for assessing 
i»»une responsiveness of both unpriced and primed 

" dldrLT 13 * pCt8ntia11 ^ Oogenic epitopes using 
dendritic cells as apc, and CD4* and/or CDS* t cells 
as responds. Because DC are present at extremely 
low quantities in the human peripheral blood, their 
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enrichment and purification are necessan, « . 
obtain adeguate numbers for pulsLg^Tan" * 
the induction of both * UAS1I > a with antigens for 

cntrlfug.tton function « potent Arc for ^ 

^ e r 1 - 9 — = iz™ 

iMB. DC exposed to toyhole limpet heBocy.nin^, ' 
pri~ry «.tlg m - sptBltio proUfer , tiv . 
' ^'r:;*' Prepay . atolog 2 

specific CD4* t cell n« M " * v F««ea klh- 

i e at , V Can U ex P*«** long-term; 

i.e., at least several months * n 

0o«. of int^Lukin-, 1" ° f lw 

. f*TT a \ , C»-2) and/or interleukin-4 

cell* h A * Uti ° nall r' ^-specific CD8* cytotoxic T 
cells have been generated using a simile ^ tOX1C 
which DC pulsed with KLH a ,! ! Procedure in 

<«*v) gag antigen to autologous t <»ii« , 
HIV seronegative donors i e < < ^ frOB 

infected with HIV anTh' indivi *«"* who are not 

or HTv , W neVer been to HIV 

cell u r ted anWgenS ' HIV -P-ific cytotoxic t 
cell ixnes have been established. 

present*^ ^ ° f f ° r a "tigen 

Ls«itd T SySteM ^ enC ° raPaSSed b * -vention 
Ascribed herexn, including but not limited to the 

actuation and expansion of antigen-specifL TceUs 
^ for use i„ adoptive c^'J^^^ 
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infectious diseases and cancer *■» ■ 

**** nstmm i j i t ;:: t t" '« 

s secondary lmone responses , M „. ™ iv,tln » 

Illustration of the procedures , or 
Holati*, purified DC fro. ^ blood- 

with -onoclonal antibodies after the first 



FIG. 1 



PIG. 2 



FIG. 3. 



20 FIG. 4, 



25 FIG. 5. 



30 



35 FIG. 6. 



Mth .onoeional antibodi., after the second 

Hycod„ z/Nycoprep „ ntrlfugation ,ect,nd 

Pri»ry T c.U pr.Ufer.tiv. 
r..po„.« to antics presented by 

tteir * Ub »t, w . obtained fro. 

SW. or no antigen for seven days. T 
«U pr.Ufer.tion was assessed by ( f HJ . 
thymidine incorporation assay. 

^eratton of secondary , ceU proliferative 
responses to ,„ antigen presents by 
autologous dendritic ceils ia^. , 
"Xls were obtained fro. nor.,1 hlul . n 
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peripheral blood and cultured with 
autologous DC pulsed with KLH or SWM. The 
sensitized t cells were expanded in culture 
« by periodic restimulation with antigen- 

pulsed monocytes, and a combination of 
lymphokines, il-2 and IL-4. After 6-8 
weeks, the resultant T cells were analyzed 
for their proliferative response to KLH or 
SWM presented by autologous monocytes in a 
PH] -thymidine incorporation assay. 

comparison between dendritic cells and 
monocytes for their ability to stimulate 
secondary antigen-specific CD4+ t cell 
proliferative responses. CD4+ t cells were 
obtained from normal human peripheral blood 
and cultured with autologous DC or monocytes 
in the presence of KLH, SWM or tetanus 
20 toxoid. 



10 

FIG. 7. 

IS 



FIG. 8. 



25 



30 



35 



Generation of antigen-specific cytotoxic T 
cell responses to an antigen presented by 
autologous dendritic cells Huyi^ES. CDS* , 
cells were obtained from normal human 
peripheral blood and cultured for 10 days 
with autologous DC which had been pulsed 
with KLH in the presence of hypertonic 
sucrose. The sensitized T cells were 
expanded in culture by low doses of il-2 
and/or IL-4, and periodic restimulation with 
autologous monocytes pulsed with KLH every 
eight to ten days. After six to eight 
weeks, the resultant T cells were analyzed 
for their cytotoxic activity in a J, cr 
release assay. Target cells were «Cr 
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15 



labelled autologous monocytes pulsed with or 
without KLH. 

5 Fig. 9. Generation of primary HIV-peptide specific 
cytotoxic T cell responses by in vitro 
stimulation with autologous dendritic cells 
pulsed with an HIV gag peptide »b', in the 
presence of il-i and IL-2 for seven days. 
10 The sensitized T cells were expanded by 

periodic restimulation with autologous 
monocytes exposed to HIV gag peptide b every 
eight to ten days, and a combination of 
lymphokines, IL-2 and IL-4. After six to 
eight weeks, the resultant T cells were 
analyzed for their cytotoxic activity in a 
5, Cr release assay. Target cells were *cr 
labelled autologous monocytes pulsed with or 
without HIV peptide »a' or *b«. Specific 
20 cytolytic activity was blocked by monoclonal 

antibodies directed to CDS or HLA class I 
antigens. 

5 * PBTAILEP DRSCRTPTT^ n f ^ rmn^ j^ 
2S The present invention relates to methods of 

isolating and using dendritic cells for activating 
antigen-specific T cell responses. Although the 
specific procedures and methods described herein are 
exemplified using DC isolated from human blood, they 
30 are merely illustrative for the practice of the 

invention. Analogous procedures and techniques are 
equally applicable. 

Therefore, DC may be isolated using variants 
of the procedure described herein, pulsed with any 
35 antigens or fragments thereof, and incubated with 
primed or unprimed T cells and their subsets. The 
scope of this invention encompasses the use of 
antigen-pulsed DC as APC both An vitro and in^vo. 
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low nu»b. r8 „ moat ™, TZ^lrJlTr: " 
«- enrich.-. wthoogh ^ are f 6 ^ 

•cc-.lbU sourc. of DC in Mn is ^ p^J^ 
1. blood, rt.ic an t ^„ l" , „„ 

per wo white blood cells, than l DC 

« DC in ZLT™* " ^ ^""-y c«ll function 
« DC in antigen oresrotation allows for the use of 
tte.. «us in relatively , M u nmbm J* ""1 „ 

15 " d "~ P-ity i. not nec^ tor ^ en "° hed ' 
generation of a «r e«ii * e 

* ^ 1 priain 9 effect In vitro r 

the m yiira activation of t cells JcJ™^'- 
>30% dc - ■ L-LS ' contain inc 

~ * are generally adequate. However i* <„ ' 

Z^i , 1,1,818 f ° r toe nation of 

monoclonal antibodies to Dc- SB »^^i 

" where thev^Lf T ^ «* tissues 

ere they reside, using a variety of separation 
methods. Example 6 se Paration 

a, fell c!,! CltP0SUra «* Dc *• »>ti,e»s such 

xenogeneic .onoclonal antibodies, which hav. h 
routinely in n,. "Men have been used 

»„„ , separation of peripheral blood 

"ononudear 1 ~" ■ since DC »av ot able 
. t. present such xer.og.naic antigens to ^ * * « 
even in th. absence of other exogenous l y adde d 
antigens, conventional method, of DC isolation «v 
lMd t0 ■ Cti ™"°" " « ceus not specific for Z 
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Prepared by sph . rMis y , ^ ^ H ^T 8eyt » 

ce„ tr fuwlon . ^ M9h buoyant y 

fr^T^ l0 " bU ° yMt *—i*r (ID) 

fraction. The hd fv. a ^^ 1 ' 

centrifu Mt r ^ ^ 56 Ejected to 

centrifugation in Nycodenz/Nycoprep which L t 
which are in the ld fv,„«- y°°P"P which separates DC 

pending on the level of t ,^7^ 
in litre, activation of T call. 7 nT^T' " ln 
•tag. (> 30% DC) «„ L T """i"" 1 « tM« 

antigen* L'rest ""^ i ""* U ' t ** «* 
« Alternatively, DC nay be isolated bv 

procedure, involving repetitive densi^dlt 

selection, or a combination thereof f 0 ,- 
» -.ycoaen, fraction described Zle J be ^ " ^ 
2S to a second round of N v CO rt en ,/ u subjected 

- . action conLr:^;rrfri= ifB ' ation - 

hT«~ b " — ««« - first 
-in, ^ntCr^rLr ^ * 

"vo ves monoclonal ant lb ^ ies which .Tp^ai 

t0relgn thus it is . less preferawf 

appro,*, Positive MUeUoa aethods ~ 

affinity chromatography with antibodies Lei 
" Mrke "- Si "« * human DC-specific 

=ir: Bot currontiy avaiu " ie < 

ant bl " 0t neMSS »»* "guir. the use of 

•nt.bodxes that recognize DC-specific determent. 
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For example, B cells and monocytes may ^ deDleted 
first fron the ne.^;, , aepieted 
ored w DC-containing fraction after density 

gradient centrifugation, plastic adhesion and la 
S receptor panning, then an antibody to K^cLl II 
antigen can be used to positively selecTf" D " 
negative selection includes modifications of £ 
protocol disclosed herein, ^ In ^J^- 
containing cell preparation may be reacted J«! 

l ' ,ro " oe y t «. ««" granulocyte 
IS .pacific for T call.; .„ti.CD l2 , ant -CD1 9 .1 1, 

urai luilar ealis. antibodia, „y ba ai»li«, 

utJa Wi tn an anti-mouse antih^t, 

directed at cell surface markers are 

anUbody-bou*, MUs ^ reBovwj m th. 
•vidin-coat^ surt.ce, or if 

C : °' JM * «9»etic baad., th. c.Us ,"„ s " 

in a maonetie f{ A i^ TC removed 



30 in a magnetic field. 

5.2 



as 



USE OP DENDRITIC CELLS AS 
ANTIGEM P P ^c^ TTrir rrrr - 

^iated J^l ' nitiati ° n ° f an ~ response is 
--diated by antigen presenting cells, which process 
complex antigens into smaller f rumen*, k 
degradation =. * fragments by enzymatic 

degradation, and present them in association with mhc 
encoded molecules to T cells. Although 
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-acrophages/.nonocytes have been studied »ost 

pts™L a ; ™' ^ «* — — shown to also 
possess accessory ceU function. The present 

5 Z2 T d6B0n8trateS DC ^"ed fro, huaan 

specific CD4* and/or cos* t cells i„ settings where 
monocytes cannot. * " 
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' previa., tTjItST^ '^^Toc 
virtuaUy anvLTT Presw,tatl0 » -W» f 0r 

«. ^bzH"."!" c epitop * a ^ ' - B «. lls 

Peptides to C04* T . *™ ^ M ' tl »* ns "* ""1 

«nd/or cytotoxicity in , Prolireration 

Inrectious agents agafnst «•,<,* „ k 
J0 invention say te ,ppl loable J ™ * r — * 

*-»»• response inci,^ „■ lnduoti <» «* « 
»cteri„ ^i^.Z^ZT 
-titud„ or antigens !^ ^ "» 
»y be processed and present^T.. ,entS ' " Me * 

protein. inc lndillg i,^™ , * 0t,1 »' «« "ructural 

•ddin Presented by oc to T cells t„ 

io •*»*«». • variety ot other inf«*<„ 
including hepatitis B virT h ." L . 
cytosegalovirus, herpes s^l^w" ° 
"Star, ana „ y coba otetitm s^lTZ'. 
within the scope o f the J££ — ~ 

5 antigens ? 

antibodies (p.i,,.M ! , " ono<!l <>n« 

>• "though these celiular antigen, „. 
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•electlvely •xpr.s.ed i„ higher 

sit*— r ^ ".tr 

«H ( TI J— 08118 « OI ™= proteins My 

r-etiw T ceil, ou . ethlMl llaltttl0 J ™" 
is aost ban. studies h«v. .. , " TO0,,S • Thu ». 

fro. ««« ZL ! lyphooytw obtain 

t^L «« s T!T expr *" ed * thelr ^ 1o ,ou. 

responsxveness aediatea by stressor cells a™, i, 
.teL^ 13 18011484 fr °" — P*«e„ttXe 

■ r - ^ — ti\™ Bii r to 
-a* «« .bi Mr::? 11 " uMd - 

<*« OC, ..peclaUy if T c . u , b.ve »„t beln 

Active*. bave L „ ' 

directly activated by use of h,„K ^ 

such as il-2 but * 68 ° f 

2, but this approach suffers from a lack of 
tumor specific* «-» tt of 

pecif icity and various toxic side effects 

system tar ^ * he " in establish an'ideal 

re ponses *"* sti -^in g human anti-tumor 

responses, using naive lymphocytes from normal 
Presumably unsuppressed individuals or T ceUs'from 



SUBSTITUTE SHEET 



WO 94/02156 

- 1 9 - PCT/US93/06653 

tumor-bearing patients. The potent accessory cell 

tT T ce 0 !!^ ^ ^ t0 P " Sent t-orltioens 
to T cells from cancer patients, whose immune response 
5 is apparently inadequate to eliminate the tumors in 
f 8 ' ™ e aCtiVated T can be expanded in 3too 

for use in adoptive immunotherapy. Whole tumor cells 
in viable or irradiated form, tumor membrane 
preparations, and tumor antigens purified from natural 
10 sources or expressed as recombinant products may be 
used to pulse DC for presentation to autologous T 
cells. 

Recently, oncogene products have been shown 
to be capable of inducing murine T cell activities. 

" III TTtt' ° nCOgeniC f0rnS ° f «» 9ene product 
P2l, and the fusion product p 2 10 of the bcr-abl gene 
induce T cell proliferative responses, when used to 
x*munize mice (Peace et al., 1991, j. Immunol. 146: 
2059-2065; Chen et al., 19 92, Proc. Hatl. Acad. sci. 

20 a !1 1468 ' 1472) * Thus ' onc ^ic Proteins which 
are different from their normal cellular counterparts 
as a result of amino acid substitutions may possess 
new xmmunogenic determinants that are recognizable by 
eilS * Xt 18 not ^cessary that such proteins be 
25 expressed naturally on the cell surface, as 

cytoplasmic and nuclear proteins may be processed, 
attached to MHC-encoded products intracellular^, and 
translocated to the cell surface in a complex form 
(Gould et al., 1989, J. Exp. Med. 170: 1051-1056) 
30 Sxnce oncogene products are expressed in a variety of 
tumor types including colon cancer, leukemia and 
lymphoma, DC may be used to activate T cells against 
such cancers. Human T cells, particularly CTL 
specific for oncogene products, may be induced by DC 
>s Presentation, and expanded by procedures similar to 
that described herein for the procurement of large 
numbers of tumor-specific T cells for adoptive 
cellular immunotherapy in vivo . 
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introduced to DC bv add«-, / ° ragin »V be 
u\. oy addition to DC cu]t>m- A « v ^. 
5 osmotic lvsis ~< cultures, by the 

(hoots *r. °l r™ 5 :f^r~ e 

as Purine. natureay occ<lrring ^ ££££ 
purified ra=oMb iM „t whole P o lypaptld( , s , "J,"" 5 ' 

p ' W,H * F *"eeman and Co ft v „ 
15 50-60). The Mount of anticpnc " N,Y * PP 

of the molecules t„ ««re, size, and purity 

used « wo™ ";^ 1 " r~ »• P»^tldes „y „. 

introduction by <w»t le ly,< 8 a , 
20 laroer ^ts of protewT !' Pln0 ""* 

"corporate* int. DC in «p railion VTO ^,^ 
" °°" V> " tioMl incxudt™, transfe^ioT 

An. of «, u ««MP«ney by the gene products 

Any of the above-Mntioned method, for introLJ. ' 

-""only need by the.. . WllM in ^ £ £™ 
*™. r collectively referred to as lZ ng of 

e with T cells or antigens may be added to 
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» ">r u,e Auction ot C = U^' Mtl '^ 
«»>• of the studies BLr^ '«P»ns«. sine 

isolated fta, tadividu^ I ^ tt ' MlV ' T eell » 

^^se^^^ thttot 
Proliferative -ctxvate both CD4 + t cell 

for secondary responses. Priaed t ceils 

"ap^ss 'rH 1 ™ « «, P^-ry t eeu 

« p«Z^: * "* i—diately rtUr 

known that although dc * Zt ls 

« short ti M p.rio.l^Z P : h ° C " S ««•- *or o„ ly . 

to***, bound to^fff' *J" retain «•» «ti, Mic 

Ked. 172: 631-640). ' J * Ex P' 

■on<*ines « y * °ll "°«« nou > lyphoUws 

"« lisited to xwl," CUUUreS ' inClUdl »' ** 

35 used; however, thev ■»„ . .. oytokl '>« »y a^o be 

cell activities it intigen »°»-*Pe=ific , 

vitxes. it ls not . 

exogenous factors be present 7 

Produce all the nee ! ' ° C * Ppear to 

the neces «ary signals for t cell 
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activation. However, for th, i 

cells after DC priaii ' , ****** expansion of T 
iL-d , . P ril »ing # lyaphoJcines such « n , ! 
IL-4 at i-ioo U/ai be 8Ucn as »-2 and 

s the rate at which T Zul «-olUfu 

w Propagate. 

io »ay be co-cultured with .J. *" « u » 

typ. c £ EUbMt - on the 

IS coll. My d9p J '"V 1 CelU - «* T 

to =u^. D ^r: * «y b. 

P««d with m »TL C0S * 1 W " »"* DC 

eultu™.. in »ddl« Wtml,MltloB »' 

~Us P^t.ov'rr elUiMti °" - CO,- , 

1= 0-on.tr.t*, „ ^ ™ * ° eU » — ««■ It 

xi-itoa to, th. « *t££r i r udin * but ~ 

™. CD4. CDS, aM CM " dlr * CtKl ^ «■ 

Previous* prlxM T l^lt t0 —ctivate 
»Weh case, the d™J s «"»iary response, i„ 

d0n ° rS * first for prior 
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antigen exposure by the 

5 stimulate a at**.... ' **** •**> 

°C I ^ J~ *- -1^ * 

•utolooous DC, a„tol« « laolud!^ 

conation „ltn i^, tl h t^°I l * 
*Y "PeatM injections o M/m II " 4 ' 

IS conventional route iMualon via any 

, tage hxv i^;„ Z 17TST U vlth 

«»petent antl-v lral T * M * to 9«»rate 

M tro. healthy HU-mtched 7 * ff° WM ' » M <*«., en, 

Patients. The effe^ * _ ed into 

a» * cell. in tn. Patients-^ £ « »«* 

On tha other tand, Hv-ln,.^ W " 1 COOr "- 

"ag. die.... My «U, 1 P>tl "' tS 

^n, Hxv-^iMcV^rvrj"" 8 « 

traatwnt My m^,,. „ " ln thli «» Pwpoaad 

30 own T caua L **» «-»«iv.tl on of ^ 

activated t cells a reinfusion of their 

aPPUcaMa 1„ ^ ^ « ~ "V - 

^i«ta. depend^ , ~ * £f ~f ~« 
35 availability of ht» » t , disease, tt. ; 

-P-nt a„tl 9 an-.pe=l t i c uLT^T * 
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T M Sr" I ^ S..™P « RY M » SECONDARY 

antioehi* T * biUti ° f DC t0 ««»— °« "tain 

Section s. 2 . 1( affltt, ^ aoJtlnlWer 

•s vaccine, and/or imunoth.r.pe.rtics for the 
10 elicitetion of an j_ rospon „ or augMIltatl<> „ o£ a 

^T 1 "" 0 " "tiaen-p^ed oc cant^ttt 
the ^it^e and the specificity of . reeponee. it 

„ intery.!. of day. or v.alca. Th. potency of BC „ „ c 
»y «Xl.vUt. the n^ of Ming 

to «uo« nt „ B po„a., .Itnouon it doe. not p" 

reactivity. Antlce„-pm aea DC »ay be used to pri». 
„ a„,/or boost i™. ^ ^ 

infectious agents and cancer. 
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* -11 or „ tibody rMpoM>s ^*° r ^ -—tary 
induc. pri Mn . _ *• ™ •MUty of DC to 

„ Ml*. «cpo.ur. ,m t.sted J ZZ 11 Pr * ViOU * 
««-. epitope prcs . nt6d ^^Hf l «» « 

Pr.Uter.tiv. „d cytoto^ct vtiLlL „ 
, -ea«»d. TOi. .v. tM , provide , 

different e D ito M « «.k ^ responses to 
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5 * 2 ' 5 ' A p S gg*gj ^IDENTIFICATION 



5 , The ability of antigen-pulsed DC to activate 

T cell responses indicates that DC produce secondary 
signals to T cells, i„ addition to engaging the T cell 
receptors by MHC-antigen complexes, such additional 
signals may be novel cytokines or membrane-bound 
1Q accessory or adhesion molecules involved in cell-cell 
contact. Therefore, DC may be used as a source for 
identifying novel T cell activation or accessory 
molecules and their genes. 

in order to identify DC-derived molecules, 

15 a"T ! n ° Vel Cyt0,Cine8 ' DCtta ^ established first 
as long-term cultured cell li„ es such as using GM-CSF 
or transformed into immortal cell lines by tumor 
viruses. DC culture supernatants may be assayed for 
their ability to activate T cells in proliferatL [„d 

20 ^to xicity assays. For example, a biologic assay 

2 V dBSi9ned in WhiCh toe TCR triggered in the 
absence 0 f APC. This can be achieved by incubating 

a solL T Wlth ^ anti - CD3 anti ^ -chore! on 

a solid surface, t cell activity is then determined 

25 a" m fT"" W abSenCe ° f DC ^ ltu " supernatants. 
Any biologic activity i„ the supernatants that 

enhances T cell activation may be further defined by 
conventional biochemical methods such as SDS- 
polyacrylamide gel electophoresis, high performance 
30 liquid chromatography, and amino acid sequence 
determination. The coding sequences of those 
molecules may be molecularly cloned by conventional 
recombinant DNA technology. 
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6. 




6 - la - CEtr. «» Bm|TTnn 
-ononuclear 1 « B ^ '"^ *— ' Woo, 

Mils (DC) w«r a ,„„.„ K 8100,1 «wdrftic 

„ l-wou gr.4i.nt (pu™,,,," , ' D !* Ur :* t ' P "^""tiauou. 

coU.ot.4 M cultural ? ™ «"<»i"ing oc w. 
„ were c™tri f „ 99d over" 

!0 confined 80 -9o* „c. MtJ^TT ^ thmb » 
th e (lm Hycoden2/Hvconr *° fr,Cti °" 

vit., a „t itMy -co,L ZTZZ T p lncub * tM 

CM!*. aM a,,* ceUs ° r *"° Ve «*• 
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flu^T ClaSS antib0dy (CA141) -negated to 
fluorescein, and Phy^oerythr in-conjugated a„ti-CDl4 
(anti-monocyte). Cytofluorographic analysis of the 
5 entire cell populat&n was assessed by Fluorescence 
Activated Cell Sorter. HLA-DR* but CD14" cells 
represented the DC population. 

T cell subsets were obtained from the high 
density Nycodenz fraction followed by an antibody 
10 Panning technique using monoclonal antibodies directed 
to T cell markers. Based on cytofluorographic 
analysis, >95% of the cells expressed the antigen for 
which they were selected. 

IS 6.2. EXAMPLES 

6 * 2,1 ' i!f?J ATI0N OF HIGHLY PURIFIED 
PERIPHERAL BTOOP nii^ FTTTr 

K< " ighly PUrifled DC hav ^ be^ obtained using 
20 ! ^ natl ° n ° f densi <* gradient centrifugation, and 
antibody panning procedures. The purity of DC was 
monitored using a monoclonal antibody specific for 
HLA-DR (class II, antigens, since DC specific 
antibodies were not available. DC can be readily 
■ distinguished from other PBML on the basis of .their 
high level expression of MHC-class ii determinants and 
thexr concurrent lack of CD14 expression, which is 
associated with monocytes. The brightly staining MHC- 
class ir DC were also negative for a variety of known 
* B ' an * MK cell markers. 

At the end of the first Nycodenz /Nycoprep 
centrifugation step, the LD fraction contained 30-40* 
DC (FIG. 2) . The DC fraction could be further 
enriched by a second Nycodenz / NyC op rep centrifugation 
^ (FIG. 3), or by panning with monoclonal antibodies 
specific for non-DC markers (FIG. 4 >. Both procedures 
gave rise to a highly purified population of 80-90% 
DC* 
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5 ° c -~ touted i ntll .u> ^=« on . ft enri ^ 

contained >, ot £ Z2 ^ n T 

Wising. Wtte th * n ""<> '« «nti,en 
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7.1. 
7.1.1. 
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30 



(KBGHQKKDCTERQMIF) ana ,« " , 

»«« .ynth.si„d » .„ * f" 2 " """fflWMBci 

report L ~ ^ 
lur. J. zma t " ^ S <«»«>*• et .1., 
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«« added to culture tanus 40X01,1 

'or tfce induction^T* 1 " 1 "' ° C - «* * co lls . 
introduce to oc ° . ^ "*»«««•. KLH «. 

««. i" 8 * ° S "° tiC lysls « Ptoses 

• 19M. ceu «. , 77 . 7es) . Forpals 
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•*Ution to th. cultL! „/ !. hOU " b ' £o " 
5 could b. .„,,«, a ^*- Alt «">««. ly . aiv peptide, 

DC and T „ut 7 C °- OUlt "*« '""^ both 

7,:l ' 3 ' £BnWty " m TOMr— tebm - 

Purified human cm* .-.< lrirrrn. 

1th 10* heat l^eT " -ln " «"*«■■*•*• 

a!-, l»»ctivat.a human serum, jmc L- 

~77, SWI ' ,aH - tetanus toxoid or rzv gaa 

culture with a alii « " ^"^ned in 

- « i"srr^ i; - il - 2 

cells were restated witt !utoW ^ ^ 
exposed to the ^^^"^ 

used for priming. antigens originally 



7.1.4. 



PR0LT rflRflTT?N A ""AT 

Enriched CD4* T ceiu *%. 

peripheral hi«,v, cells from normal human 

pneral bloo <* were cultured with 
monocytes in «.r~ autologous DC or 

in a « an a ." ZT Cyt0t " iCity '""It, 

labour IT, " My - Tar » ot »«e «Cr 

l.b.a.d autolooou, monocyf, ^ „. re ai th« 



SUBSTITUTE SHEET 



WO 94/02156 



-31- 



PCT/US93/066S3 



untreated or pulsed with KLH, SWM, or HIV gag 
peptides, m antibody blpcking experiments, the 
different MAbs were added at 20 ng/nl to the cultures 
5 in the *Cr release assay. Spontaneous "Cr release f rom 
target cells in the absence of CTL was <15%. 
Percentage specific *Cr release from lysed target 
cells was calculated as: 

10 i m fcp TC twmPl* rejeamM - com fsnontanan^ «Trt tffl i r ff \\ 

[cpm (total release) - cpm (spontaneous release)] 

7.2. EXAMPLES 

7.2.1. GENERATION OF ANTIGEN-SPECIFIC CD4* T CELL 
IS PROLIFERATIVE RESPONSES IN VITRO USING 

DENDRITTC ffHfig 

KLH / SWM, , and HIV were chosen as antigens 
because the vast majority of humans have never been 
sensitized to these antigens in vivo , and their T 

20 cells do not mount proliferative or cytotoxic 
responses to the antigens in vitro , when 
macrophages/monocytes are used as APC. 

In order to test the ability of human DC to 
present such exogenous antigens, DC were isolated from 

25 human blood, co-cultured with an enriched fraction of 
autologous CD4* T cells in the presence of KLH or SWM, 
and a primary CD4* T cell-mediated proliferative 
response was induced (FIG. 5) . As a control, 
similarly prepared monocytes did not induce a 

30 response. In addition, the CD4- T cells were further 
subdivided into naive and memory T cells fractions by 
an antibody designated UCHL-l. The UCHL-l* and UCHL-r 
T cells express two isoforms of the CD45 molecule, 
CD45R0 and CD45RA, which correspond to memory and 

3S naive T cells, respectively. When the two subsets 

were incubated with antigen-pulsed DC, it was the CD4 + 
UCHL-r T cells that proliferated, providing further 
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evidence that the observed response was mediated by 
previously unprimed naive T cells. 

The In vitro , primed CD4* T cells specific 
5 for KLH or SWM were maintained in culture by 

repetitive stimulation with autologous antigen-pulsed 
monocytes, and expanded in numbers by a combination of 
IL-2 and IL-4 for several weeks, when the cultured T 
cells were again incubated with antigen-pulsed 
10 monocytes, a strong secondary antigen-specific 
proliferative response was demonstrated (FIG. 6). 

When DC and monocytes were compared for 
their ability or present antigens for re-activating 
secondary T cell responses, it was observed that DC 
15 were capable of stimulating a stronger response that 
monocytes could (PIG. 7) . since most individuals have 
been exposed to tetanus toxoid as a result of 
vaccination, it was presumed that the anti-tetanus 
toxoid response was a secondary response mediated by 
20 previously primed T cells, as supported by the finding 
that even monocytes were able to stimulate a weak yet 
detectable CD4* proliferative response. As a control, 
monocytes could not present KLH or SWM to unprimed T 
cells. 

25 in conclusion, DC are capable of processing 

and presenting whole native protein antigens to CD4* T 
cells in inducing a primary antigen-specific 
proliferative response in vitro, it is noteworthy 
that both primary and secondary T cell responses can 

30 be induced by antigen-pulsed DC, indicating that DC 
are uniquely able to both prime naive T cells from 
unimmunized normal individuals and re-activate 
previously primed T cells, while monocytes are not. 
Further, it is the CD4* ucHL-r naive T cell population 

35 that is primarily responsible for the antigen-specific 
proliferative response. The in Vitro, priming effect of 
DC does not require the addition of exogenous 
lymphokines, indicating that DC produce all of the 
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necessary signals in antigen presentation leading to 
the activation of T ceils. 

5 7 ' 2 ' 2 ' J^S^Sf 0F AWIGBW-SPECIFIC CDS* CYTOTOXIC 
T CELLS ^ VTTPO PfiTWft ngwn^jj fg ^g"" 0 " 0 

In addi!e$bn to priming CD4* helper T cells 
to exogenous antigens, DC were shown to be capable of 
activating MHC class I-restf icted antigen-specific 

10 cytotoxic T cells. DC were pulsed with KLH and 

cultured with purified autologous CD8* T cells in the 
presence of low doses of IL-1 and IL-2. The T cells 
were maintained by periodic restimulation with 
autologous monocytes pulsed with KLH, and expanded by 

1S IL-2 and IL-4 for 6-8 weeks. The resultant CD8 + T 
cell lines were able to kill autologous target cells 
pulsed with KLH, while untreated target cells were not 
lysed. (fig. 8). 

As DC have been shown to display potent 
antigen-presenting function for presenting complex 
protein antigens such as KLH, they were further 
examined for their ability to directly activate CTL 
specific for antigens associated with infectious 
agents, using HIV peptides as an example. DC from 
healthy HIV seronegative donors were exposed to an HIV 
gag peptide *b« I n vUrq , and cultured with autologous 
CDS* T cells from healthy HIV seronegative donors in 
the presence of IL-1 and IL-2. The T cells were 
expanded in culture using the protocol described, 
SJlfiia, and shown to be cytotoxic to autologous 
monocytes pulsed with the same peptide »b«. This T 
cell function was antigen-specific, as neither 
unpulsed monocytes nor monocytes pulsed with another 
HIV peptide <a- derived from a distinct region of the 
gag protein were recognized (FIG. 9) . The cytotoxic 
activity was mediated by mhc class I-restricted CDS* T 
cells, as evidenced by the ability of monoclonal 
antibodies against CDS and HLA class I antigens to 
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activate d " P6ptideS can P*- and 

activate antigen-specific naive CD 8* CTL in the 
5 absence of CD4* t cells. 

• The present invention is not to be limits 

instil I H tiOW! ° f 8in9le -P-ts of the 
invention. indeed, various modifications of th* 
LO invention in addition to u XOnS of 

«thl» th. scop. , f th. .pp^te,, elsllM1 _ 

» All publication, citea h«ei., m 

incorporate * rrt . rM1M ln ^ 
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«Us „ itl , MmPri,in ' "-^turin, t 

proliferate or to h«„ to 

the antigen. ^ocoxic in response to 
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2- The 



CD4< 

3* The 
15 C08 



. Mth0d °' Clai " 1 ™<* tt. T C.U. „. 

4 - n» ».«.«! of eui, i ta . _ 

Wole «icroor ?a nl««. "" U 9 en la « 

20 5. ^ MUwd 

6 - The method of claim i , 

Polypeptide. ^ '* l0h i. a 



25 

7 « The 



Peptide. 



8 - The method of claim , * 
» «ur.u* y of «- «« 9 .n u , 

9 - The method of Claim • 

cells «. isolat l / ln Whioh <*' ".ndrittc 

35 10- The «ethod of cl.l« , • 

«"« Mdi r t0 " * incubation i„ 
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11. 



12. 



The method of claim i i„ which the dendritic 
cells are exposed to an antigen by osmotic lysis 
of pinosomes. 

A method of activating antigen-specific human T 
cells i n v i vo comprising administering into an 
individual isolated human dendritic cells exposed 
to an antigen. 
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13. 



A method of identifying an antigen recognizable 
by T cells comprising co-culturing the T cells 
with isolated human dendritic cells exposed to 
the antigen, and measuring T cell proliferation 
is T cell cytotoxicity or T cell lymphokine 

production. 



14 < 



A method of isolating human dendritic cells 
comprising subjecting a mixsd population of cells 
20 to sequential density gradient centrifugation in 

the absence of xenogeneic proteins to obtain a 
final population of >30% dendritic cells. 

15. The method of claim 14 in which the dendritic 
25 cells are isolated from human peripheral blood. 



16, 



30 



The method of Claim 14 in which the dendritic 
cells are isolated by Percoll centrifugation 
followed by Nycodenz centrifugation. 
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SS 

MIN MAX COUNT PERCENT MEAN SD % H PCV 
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